One of the most important factors to implement VANET is by considering the variety of wireless networks available around the city as well as the vehicles traffic scenarios. However, by providing a diverse range of wireless access technologies, it is necessary to provide continuous network connectivity as well as selecting the most suitable network technology and performance. Many researchers have worked on building algorithms for selecting the best network to improve the handover process. However, with high-speed vehicles mobility, the vertical handover process became the most challenging task in order to achieve realtime network selection. This paper proposes a bio-inspired network selection algorithm influenced by insect's behaviour which combines Artificial Bee Colony (ABC) and Particle Swarm Optimization (PSO). The proposed algorithm is applied to process multi-criteria parameters to evaluate the best available network and then execute the handover process seamlessly. The results demonstrate the benefits of the proposed Multi-Criteria ABC-PSO method by reducing the handover decision delays by 25%. It gives the optimum performance in terms of network selections and reduces the handover latency by 14.5%. The proposed algorithm also reduces the number of unnecessary handovers by 48% for three different mobility scenarios based on traffic environments (highway, urban and traffic jam).
INTRODUCTION
The next generation of wireless communication technologies, especially vehicular ad hoc networks are facing many challenges that need to be solved in order to be able to coexist with each other [1] . Seamless mobility is one of the challenges that needs to be addressed in order to provide the ability of uninterrupted inter-technology roaming for mobile nodes [2] . Mobile nodes roaming between different network technologies will lead to Vertical Handover (VHO) process that occurs within the link and network layers due to the demands of shifting the device interface as well as the network point of attachment. Several investigations and efforts in standardisation are being made by several institutions and individuals to design a final implementation of each of these communication layers [3] . However, for the specific purpose of VHO in a heterogeneous wireless environment, the information prepared for the link layer and network layer before any operations of handover will directly affect the significant handover performance and consequently lead to seamless handover. Another challenge is the network discovery time that can lead to a major delay in the handover process while scanning various radio channels on each interface and The remainder of this article is organised as follows; A brief overview of related handover algorithms in VANET together with related ABC and PSO are presented in the next section, followed by a section on details of the proposed scheme. The simulation setup and detailed analysis are discussed in the following section before the article is concluded in the last section.
OVERVIEW ON HANDOVER IN VANET
Handover occurs when a mobile node changes its session from one access point to another while its connection remains active. Several types of handovers can be performed in wireless networks. These comprise of vertical and horizontal, hard, soft and seamless, upward-vertical and downward vertical, network-controlled, mobile-controlled and mobile-assisted handovers.
When a mobile node is moving from WLAN to LTE, the handover occurred among different access-points of different networks. This is called vertical handover or inter-system handover. The vertical handover happens when the mobile node goes through heterogeneous cells of the wireless network [4] . Their heterogeneous cells have different specifications in terms of bandwidth, frequency of operation and data rate. Due to these differences, the vertical handover process becomes more challenging than a horizontal handover, especially in VANET. The vertical and horizontal handover operations are performed because the overlay network structure by each network expanded by increasing the size of the cells at higher levels within the hierarchy. Many works have categorized the handover management process into three stages [5] : a) Network Discovery: the stage when the MN scans for the APs to collect the required data to initiate the handover process. b) Handover Decision: the stage when the gathered data are used to determine and to select the best AP by considering several criteria while comparing with the predefined values. c) Handover Execution: after choosing the AP, this stage is to reserve the resources on the destination network and to complete the handover process.
The work presented here will focus on the multi-criteria context-aware handover decision strategy based on Received Signal Strength (RSS), velocity, available bandwidth and MN location.
RELATED WORKS

Previous works on vertical handover in VANET
The vertical handover decision algorithms can be categorised according to classifications and schemes [2, [6] [7] as below and are summarised in Table ( [12] , [13] , [14] , [15] , [16] , [17] , [18] Reduced handover delay, reduced packet loss, intelligent network selection Increased complexity, higher decision processing delays, comparatively high latency
Contextbased Schemes [19] , [20] , [21] Reduced packet loss, optimal network selection, embedded security, reduced latency, optimized throughput Supplementary signalling, context distribution, higher resource consumption a) RSS based Schemes:
In 2017, a highway-based handover decision method was proposed to solve the unnecessary handovers and to reduce the vertical handover frequency by considering the nodes' velocity, jitter, position and density. In addition, it was also essential to evaluate the packet loss, network throughput and end-to-end delay to present a complete network performance [8] .
In 2018, E.Smida et. al proposed a predictive SNR-based handover mechanism to solve the issue of handover latency by reducing the search for new Road Side Unit (RSU) time. In the handoff decision part, they considered the MN mobility tracking, neighbour RSUs information gathering, link quality and handover radius. However, the work did not addressed a major issue which is the ping pong effect of the SNR which leads to packet loss.
A study done in 2016 presented an Imperialist Competition Algorithm (ICA) of a vertical handover prediction method to reduce the unnecessary handovers. The ICA looked into the impact of RSSI on the number of handovers with the help of Ad Hoc On-Demand Distance Vector (AODV) protocol. However, this study did not provide an evaluation of handover performance in terms of latency and decision delay [10] .
b) QoS Schemes:
Abdullah et al. proposed a multiple criteria vertical handover decision algorithm between three networks; LTE, WiMAX, and WLAN by using User Datagram Protocol (UDP). The results presented were based on reduction on the number of handovers and handover failure. However, the work did not consider the node speeds as well as handover latency nor apply this method on a variety of movement scenarios [2] .
S. Chae et. al. proposed a handover scheme for high-speed mobility using coordinated multiple point transmission to provide seamless handover to improve Qos in VANET. However, the issue on ping pong effect when using the SNR in heterogeneous vehicular networks was not addressed [11] .
c) Intelligence-based Schemes:
Du et al. proposed a vertical handover protocol between LTE and 802.11p networks by considering number of vehicles, end-to-end distance and fixed nodes' speed. Nevertheless, for a reliable handover performance, it is necessary to apply various vehicle speeds under several traffic movement scenarios [1] .
F. Azzali et. al 2017 proposed a Fuzzy Logic algorithm for vertical handover decision in heterogeneous networks. The handover latency was measured in various velocities and had shown better results as compared to RSS based algorithm. However, the effects from the number of MNs and from the mobility scenario in the handover decision processing time need to be considered for more applicable algorithm [12] .
In 2017, A. Gharsallah et. al. proposed a multi-criteria handoff algorithm for Vehicle to Vehicle (V2V) communications to enhance the AP selection in a heterogeneous network in order to reduce the handover failure. This study considered multiple vehicles speeds, RSS and traffic load to test the scheme [13] .
Qamar et al. presented a Genetic Algorithm (GA) with Media Internet Protocol Version 6 (MIPV6) protocol to enhance the vertical handover process. The results were based on the service cost, Received Signal Strength Indicator (RSSI) and handover delay as compared to Ant Colony Optimisation (ACO) and Particle Swarm Optimisation (PSO). However, to evaluate network performance in terms of vertical handover, it is necessary to consider the effect of number and velocity of nodes and their impact on the handover process latency [14] .
An Enhanced Advanced Duplicate Address Detection (EA-DAD) algorithm was proposed in 2015 by Abdullah et al. with the support of Fast Mobile Internet Protocol Version 6 (MIPV6) protocol to enhance the vertical handover process. The results show that the handover latency, MN speed, packet loss and signalling load were improved with the consideration of MN speed. However, the algorithm was only applied to a single mobile node [15] .
In 2014, the Rapid VHO algorithm was proposed with the support of Proxy Mobile IPv6 (PMIPv6) protocol to improve the vertical handover process. This study evaluated the network performance by considering the effect of MN speed on handover latency and packet loss. Nevertheless, the impact of movement scenarios as well as the number of nodes were not considered in order to present a realistic performance [16] .
Kim et al. presented a Fast Handover for PMIPv6 (PFMIPv6) protocol for vertical handover networks to enhance the reduction of packet loss, handover latency and signalling cost by considering the speed of nodes for performance evaluation in city and highway scenarios [17] .
An Improved Genetic Algorithm-Simulated Annealing (IGA-SA) algorithm was proposed to solve the handover issues in heterogeneous network. The study revolved around Markov decision process applied to the handover decision stage to reduce the number of handovers. The results have shown the effect of RSS, the number of handovers and handover decision delay in a single scenario [18] .
d) Context-based Schemes:
In terms of vertical handover in VANET, Goudarzi et al. proposed the Markov Decision Process-Biogeography Based Optimisation (MDP-BBO) algorithm with Media-independent handover (MIH) protocol to enhance the vertical handover decision. This study covered several network parameters such as mobile nodes' velocities, handover signalling loads, packet loss, throughput, handover latency, signalling overhead, handover delays, computation time, handover failure and unnecessary handover rate. However, it did not consider the city environment that plays a significant role in the vehicular network performance in general, especially vertical handover [20] . Another work had concentrated on enhancing the vertical handover process by depending on a hybrid algorithm between BBO with the Markov chain and MIH (IEEE 802.21) protocol. The MDP-BBO algorithm was evaluated based on handover rate, handover failure, handover latency, packet loss and throughput against the vehicle speed and nodes density. Nevertheless, the simulation environment used was not very realistic since the vehicle's movement is set randomly without the consideration of road obstacles as well as movement scenarios [21] .
The Neighbour Predictive Adaptive Handoff (NPAH) algorithm was proposed to ensure seamless node communication as well as providing a neighbours' predictive and adaptive handover. The NPAH discovers the weak links and establish handover process with the least resource-dependent node and considered the distance of neighbours. The results presented were based on the number of vehicles and speed such as packet loss, delivery factor and outage time [22] .
Skondras et al. presented vertical handover management for cloud computing between LTE and
802.11p. This study focused on deploying ten vehicles with a variety in velocity and bandwidth as well as considering the vehicle's services and operator's policies. The scheme aimed to evaluate the network based on packet loss, jitter, delay and throughput. However, while studying the vertical handover in cloud computing, it is necessary to have a variety in terms of the number of cars in order to evaluate the handover latency [23] .
Previous works on ABC in VANET
Recently, by simulating the intelligent behaviour of the honey bee swarm, an Artificial Bee Colony (ABC) algorithm was proposed [24] , [25] . The algorithm divides the artificial bees into three groups, which are the employed bees, the spectators and the explorers. The responsibility for flying and harvesting the food source that the swarm of bees is exploiting falls on the employed bees. The spectators wait in the hive and decide whether the food source is adequate or not. This is done by observing the dances performed by the employed bees. The explorers randomly search for a new source of nourishment through some internal motivations or possibly external cues.
In the ABC algorithm, the term food source represents the solution for each problem considered and represented by an n-dimensional real value vector in which the solution adjustment is related to the nectar quantity of the associated food resource. As with other intelligent swarm-based approaches, the ABC algorithm is a repetitive process. Initially, the approach generates random solutions or a population of food sources; then, it repeats the previous steps until the completion criteria are met [26] .
In the phase of the bees being employed, the artificial bees look for a new source of food that has more nectar within the food source neighbourhoods in their memory. Whenever they find a nearby food source as defined in Equation (1), they would compare if the new nectar is superior to the previous one. The bee then stores the new position and forgets the previous one. Next, the regulation can be calculated as defined in Equation (2). After the new source of food is produced, its capacity is evaluated and a greedy selection is applied and compared with its matrix. After that, the employed bees share their information on the food source with the curious bees waiting in the hive by dancing in the dance area [27] , [28] :
Where k ∈ {1, 2 ..., BN}, BN is the number of food sources that is equal to the number of bees used in each subgroup, ej ∈ {1, 2 ..., D} is a randomly chosen index. While k is randomly determined, it must be different from i. θij is a random number between -1, 1. It controls the production of a nearby food source around xij, and the change represents the comparison of food positions visually close to the bee. Equation (1) shows that when the difference between parameters of xij and xkj decreases, the disturbance at the xij position also decreases [27] , [28] :
(2)
In the onlooker bees' phase, depending on the information provided by the employed bees, the artificial bees choose their food sources as defined in equations (3 and 4) . In order to do this, a selection technique based on the physical state, such as the roulette wheel selection method can be used. After probabilistically choosing a food source for a spectator, a neighbourhood source is determined, and its appropriateness value is calculated. As in the phase of the employed bees, it applies a greedy selection between two sources [27] , [28] :
In the phase of the scout bees, the employed bees whose solutions cannot be improved through a predetermined number of tests will change their function to become explorers and discard their solutions. The new explorers will start looking for other solutions, randomly using Equation (5) . Sources that are initially poor or have become poor from exploitation are abandoned, and negative feedback behaviour emerges to balance positive feedback [27] , [28] :
The optimisation of the particle swarm of the artificial bee colony (ABC-PSO) presented in [19] provides a reasonable VHO with lower costs and delays, more available bandwidth and fewer number of handovers. The PSO algorithm could make a reasonably intelligent delivery decision based on the study of the network status. The target is to ensure the QoS of different VHO MNs for single and multiple attribute situations are on par. The algorithm aimed at minimising the total expected cost and minimising the average number of handovers by considering the speed of the MN, the cost of access to the network and the switching cost of the vertical handover decision. However, the study did not focus on some significant factors in VANET for handover performance such as the number of nodes, traffic movement scenarios as well as the network throughput and packet loss.
Previous works on PSO in VANET
The particle swarm optimisation (PSO) is a simulation algorithm inspired by nature and influenced by the bird's behaviour that flying within a flock. The particles are represented by the individuals that traverse in the hyperdimensional search space. The behaviour of the swarming birds causes each particle to fly in the swarm relying on the information gathered by their experience. Each particle searches for a multidimensional search space in order to solve the problem and share its solution with the swarm. All the particles learn from their historical experience and information gathered. During the searching process, they fly into the parametric space of dimension D of the problem. The particles in general, fly to better search region during the search process. This algorithm relies on the velocity vid and position xid to update the dth dimension of the ith particle. The below equations show the relationship between these criteria;
xid (t + 1) = xid(t) + vid(t)
Where:
c1 and c2 are the acceleration constants r1 and r2 are two uniformly distributed random numbers in 0, 1. xi, xi1, xi2, xid is the position of the ith particle. vi, vi1, vi2, vid signifies the velocity of the ith particle. pbesti, pbesti1, pbesti2, pbestid is the best previous position yielding the best fitness value for the ith particle.
Gb, gb1, gb2, gbD is the best position discovered by the entire population.
w is the inertia weight used to balance between the global and local search capabilities.
The PSO algorithm has two main models, namely the local model and global model. The definition of the neighbourhood for each particle is different in these two models. The particles neighbourhood of the global model is composed of particles made by different particles. Van den Bergh and Engelbrecht [29] indicated that the speed of convergence in the global model is faster than the local model. However, the probability of getting stuck in local optima is greater than the local module. On the other hand, the vulnerability to the attraction of the excellent local is lower at the local level and its speed of convergence is slower compared to the global model.
An SPSO has been proposed as a Standard PSO module by Bratton [30] and Kennedy [31] . In SPSO, a local loop topology is used with many test problems and the simulation results revealed that the local model reliability is higher than the global model.
The update of PSO local model velocity is given by:
The performance of the PSO is significantly influenced by the population topology. It determines how the particles share information or communicate with each other. Population topologies can be classified into static and dynamic topologies. For static topologies, communication structures were tested for random starts, wheels, rims, edges and reveals that the algorithm's performance varies in different problems depending on the topology used. The work by Kennedy [31] has tested many features of the social network topology in five test functions. After that, Mendes et al. presented a fully-informed FIPS PSO algorithm [32] . In FIPS, the particle uses the stochastic average of pbests of all its neighbours instead of using its lowest position.
Looking into how PSO was explored in VANET, the work by Hernafi et al. proposed and investigated a network selection algorithm inspired by PSO in terms of the geographic position of the vehicle and a shortest route selection method based on the ant colony [33] . The focus was on the vertical handover technique with the consideration of RSSI and the effect of the number of cars. However, it did not investigate the effect of the city environment and vehicle speed on the handover performance.
Goudarzi et al. presented a study in 2015 that uses the Curve Fitting based Particle Swarm
Optimization (CF-PSO) algorithm for vertical handover decision making by considering the RSSI to enhance the throughput and to reduce the number of handovers [34] .
A PSO algorithm modification was published by Ahuja et al. in 2015 to study the heterogeneous network handover by reflecting the RSSI impact on the network selecting time as well as the throughput and service cost. However, the speed of nodes and handover latency were not addressed [35] .
The vertical handoff decision making has been investigated by Wang et al. and they proposed a Particle Swarm Optimization -Fuzzy Neural Network (PSO-FNN) algorithm. The algorithm considers the number of nodes, average load and the probability of handoff call blocking between UMTS and WLAN [36] .
The multi-PSO algorithm with optimum mutation (MPSO-OM) was proposed by Wang et al. to improve a handover decision scheme [37] . The work had studied on the effect of node velocity with the link connectivity stability to achieve the best solution for handover. One of the missing performance evaluation in this work was on the effect of number of nodes to the handover performance.
METHODS
This article concentrates on enhancing the seamless vertical handover performance in terms of the decision, selection and implementation stages in order to minimise the delays while the MNs are roaming. A multi-criteria artificial bee colony with particle swarm optimisation algorithm has been proposed to contribute by reducing the latency that may occur during the handover stages based on the nodes' positions and velocities. In the initial stage of the algorithm, the network needs to start collecting information about the location of the vehicles and assume a random global and local best positions for the PSO equation. Then it divides the MNs into two groups as workers and onlookers, so that the ABC algorithm can start gathering the data required for PSO which are mainly the number of MNs, their speeds and the received signal strength. The data gathering is required in order to calculate the distances towards the next hop and choose the best currently available AP for each node. The second stage starts by scanning the nodes and comparing their positions with the PSO and choose the best AP based on the signal strength, bandwidth and velocity. The algorithm then share this information with all the nodes within the same swarm to calculate in advance where the handover will happen and to which AP. The third stage is when the handover process is required to initiate, at the instant the mobile node has the required information from the swarm to select the best network AP. The priority here is to the RSUs due to its higher data rate compared with LTE. However, when there is no best position AP nearby, the MN will maintain the current AP or change to LTE coverage depending on the environment. The last stage is when the criteria are met, the worker bees stop scouting and share the global best solution to the entire network. Finally, network discovery is enhanced due to the employed bees, the handover selection will be seamless due to the proactive information sharing, and the handover implementation become faster due to the advanced arrangement. The proposed stages of ABC PSO are explained as pseudocode in Table ( 2).
The aim of proposing the Multi Criteria ABC-PSO based vertical handover selection scheme is to focus on providing transparent mobility by supporting the seamless handover management for the MN. Many experiments have been conducted to investigate the performance of the proposed algorithm and compare them with the previous PSO schemes. Simulations were performed under different network environments and different parameters. The advantage of this study is that it is using multi-criteria to evaluate the available APs depending on the proactive information gathered about the mobile nodes and the available access points. These criteria are the nodes' speed, nodes' location, received signal strength and bandwidth. Based on the collected data, the best access point is selected and compared with the rest of the APs by the proposed algorithm. The algorithm has been simulated in real-time for three different movement scenarios to study its effect (highway, urban and traffic jam).
The proposed schemes measure the performance of each stage independently. The first stage is measured in terms of the relation between the number of handovers, vehicle velocity, number of mobile nodes and handover decision delay. The second stage is measurement in terms of the packet loss, packet delay and average throughput. The last stage is in terms of measuring the average handover latency. These parameters are selected because they can measure the extent of the improvement and impact that may influence the performance of the handover system. 10 The proposed schemes are implemented using the OMNeT ++ 5.1.1, Veins 4.6, Sumo 0.30.0 with GSL 2.4 (GNU Scientific Library). The simulation area consists of 10 LTE towers and 20 RSUs distributed randomly to cover the whole area. 100 vehicles are roaming around at varying velocities based on the real-time city environment which could affect the speed of movement through, for example, traffic lights or parking lots. The RSUs are connected to the LTE towers via the core network. The MNs are equipped with two network interface cards, one for LTE and one for RSU. This simulation applies the IEEE 802.11p protocol for the data link layer (L2) because it is the protocol used in VANET. Table (3) shows the parameters used in this simulation. The mobile nodes are applied to the traffic scenarios simulated in SUMO to provide realistic movement. Furthermore, the mobility speed range is established on the highway between 60 and 120 km per hour, with the number of cars at 100. In urban cities, the car acceleration is 10 km per hour to a maximum speed of 60 km per hour, with the number of cars at 50.
Meanwhile, in the traffic jam scenario, the minimum car speed is 0 km per hour, and the maximum speed is 30 km per hour, with the number of cars at 100. One accident is set to occur every 30 sec and lasts for 50 sec in simulation time to ensure the traffic jam scenario. The summary of the simulation parameters is shown in Table ( 3) below. Some observation during the performance evaluation of the proposed algorithm is that the long execution and simulation time with the increase in the number of mobile nodes. The realistic traffic and movement environment provided by SUMO traffic simulator together with high exchange of data, formula calculations and criteria evaluation could have contributed to the long execution time when more mobile modes were simulated. These lead to the limitation during the evaluation of the proposed algorithm to a maximum of 100 mobile nodes in representing nodes density.
Depending on the requirements, the scenario contains four parts. First is the RSUs, the roadside units which represent the WLANs of the network. They are the small range high bandwidth units distributed randomly along the highways and the core of the city to provide the needed connection to the network that acts as the food source for the swarming nodes. They are responsible for collecting the information from the vehicles and share it with other nodes such as best positions and current locations that are needed for PSO. Secondly, the LTE towers that cover the whole simulation area provide the necessary connectivity when there is no RSU around the MN such as at inner roads or rural areas. It also collects the data in the environment and transmit it to the RSU and then to central networks. RSU and LTE towers are both connected to a network manager (routers) that runs the application such as traffic safety. Fourth is the world manager, 12 which controls the imported data from SUMO to Veins such as the city map, building heights, and traffic lights. Part of the proposed work scenario in the simulation is visualised in Figure (1) . Figure 1 . Part of the MC ABC-PSO scenario in OMNeT++
RESULTS AND DISCUSSION
In this section, different scenarios have been studied under different performance and city environment. With the benefits of applying traffic scenarios using the SUMO traffic simulator, three traffic conditions were used to study the effect on the proposed algorithm on network performance in terms of VANET. Figure (2) illustrates the effect of the three city environment on the handover latency with the increasing number of cars. Speed of cars is fixed to 100 km/h for highway, fixed to 50 km/h for urban and fixed to 20 km/h for traffic jam. Figure ( 2), the handover latency increases with the increase of car velocity due to the high demand of proactive data required to perform seamless handover and to prepare the MN to establish the next hop connection. Despite that, the number of cars was not a major concern in terms of handover latency. On the other hand, it can be noticed from the figure that the density of cars affects the handover latency and reached its peak at 40 cars before the latency started to decrease. This is due to the PSO algorithm, where the number of cars is one of the factors that affects performance. It is observed that the latency values are higher when there are fewer cars due to the rapid change in the best global position as the traffic is smooth and the bandwidth is freely available. Secondly, when the number of cars reach 40 while the ABC algorithm is dividing the cars into scouts and workers, the bandwidth usage and handover decision time will reduce and affect the latency. Moreover, after the increase in number of cars, it could be noticed on how the handover latency decreased due to the low demand on the bandwidth and the handover decision made smoothly since the global best position is calculated in advance with the assistance of car density. Do note that the higher the velocity, the faster the global best position will change with the car flow. Figure (3) , it can be seen how the number of cars impacts the packet delay time. With the increase of car density in a particular area, the packet delivery time increased as well due to the traffic load applied on specific APs. As for the highway scenario, it is obvious on how the smooth flow of cars gave less load to the APs which subsequently decrease the packet delivery time. The proposed algorithm is affected here with the increasing number of cars by the factor of bandwidth priority since it is one of the factors in selecting the best available AP to perform the handover. In the highway scenario, even when the density of cars is high, it can be noticed from the figure that the packet delivery time is still the same due to the best global position of PSO. This best global position has been chosen in advance with the help of scouting MNs of the ABC algorithm using the RSS and bandwidth factors. Packet loss is defined as the amount of data packets that are sent from the source AP but failed to be received by the destination MN in a set duration of time. It can be noticed that with the increase of car speed, the packet loss ratio increase due to the high mobility and increase of handovers. The graph shows that the packet loss occurs while performing vertical handover. Since the vertical handover is happening between different networks (LTE and RSU), the previous AP sometimes will miss the MN disconnectivity when the MN moves away from the previous AP. The RSS decrease, thus the throughput of the connection is decreased causing more packet loss. The proposed algorithm found a way to reduce the packet loss by considering the RSS factor while selecting a global best solution. (6), on average, the proposed MC ABC-PSO algorithm reduces the number of unnecessary handovers by 48%. The reduction is achieved when reference [19] was used for comparison, using the same simulation parameters as used in [24] . This result can be clarified by the fact that the proposed algorithm considers the relationship between the MN velocity and the RSS as well as the network bandwidth when making decision to perform a handover. Since the ABC-PSO is based on finding the best solution from the gathered information, the RSS and velocity are the crucial factors here in evaluating the handover threshold. In order to reduce the unnecessary handovers, the proposed algorithm compares the predefined criteria with the updated information to eliminate the APs with low RSS, considers the pbest for other nodes and decreases the connection time with the current AP with the increase of average speed. When the average velocity decreases, the connection time extends, which causes a reduction in the handover possibility. Figure (7) , it can be observed that the proposed algorithm reduced the delay that occurs in handover decision by 25%. The handover decision is made by considering three criteria in the proposed algorithm, which are the availability of access points RSS, the average velocity as well as the available bandwidth. By considering these criteria while finding the best solution in PSO as well as the cooperation among the mobile nodes in ABC, the handover decision-making process could be minimized especially when the multi-criteria narrow the edges toward finding the best solution. When the global pbest is determined by the PSO, its information will be shared and considered by the MNs in order to perform its handover in advance, so that the MNs will save time in calculating the next hop when making its decision. Moreover, the impact of the handover threshold value, which varies based on MN speed, is increased.
CONCLUSIONS
As many of the related works were limited to a single traffic mobility scenario, this paper proposed a method that allow multiple mobility scenarios and consideration on scalability and dynamicity of mobile nodes. The work here proposed a bio-inspired handover algorithm focusing on the vertical handover process by providing a handover decision technique depending on the number of mobile nodes and velocity related to RSS, allowing seamless mobility in different movement scenarios based on the city environment (highway, urban and traffic jam). The proposed Multi Criteria ABC-PSO algorithm in this paper depends on predefining the best destination based on the current location as well as the swarm. The algorithm considers the MN velocity during the vertical handover decision process as well as the received signal strength.
Besides, most of the current multi-criteria vertical handover algorithms were not able to predict MNs' circumstances dynamically. Furthermore, this approach managed to avoid unnecessary handovers by taking mobile nodes' velocities into account.
Extensive simulations were performed for different mobility scenarios based on traffic environments and the handover performance by using the Multi Criteria ABC-PSO approach was evaluated. By considering the nodes position and velocity, the remarkable findings from the simulation is that the proposed framework successfully minimized the vertical handover decision delay and latency, as well as the number of unnecessary handovers and packet loss rate. The most notable findings are the reduction in the number of unnecessary handovers by 48% as compared to the similar work and conventional approach.
Future work and improvement of the Multi Criteria ABC-PSO may consider clustering approach for the mobile nodes. The approach maybe able to reduce the calculation time by dividing the nodes into clusters that work as cloud computing. A central processing can then broadcast the concluded global best positions to the clusters based on their local best positions, ultimately towards improving the handover performance in vehicular networks.
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